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BIOCHEMICAL. STUDIES ON THE RICE BLAST DISEASE (PART 10)
BIOCHEMICAL CLASSIFICATION OF PIRICULARIA ORYZAE (NO 3)

- Japan -

[Following is a translation of an article by
Otsuka, H., et al., in the Japanese-language
Agricultural-Chie-. Soc. Japan Journal, Vol 31,

4 I57, pages 886-890.j

Attempts have been made to classify Piricularia oryzae
Cavara in terms of bacterial reactions to several varieties
of rice (1, 2), and we have noticed a close relationship be-
tween them and the method in our report Part 10 (No 2),
which depended on the extent of the sugar consumption of 45
stock-cultures of Piricularia oryzae Cavara (3).

Recently Burkholder and others (4) have demonstrated
the possibility of classifying ray bacteria by the differen-
tial amount of use by them of nitrogen sources, and this is
of great interest with respect to the problem of bacteria
classification 7.

Otani (5) studied the degree of consumption of nitro-
gen sources by Piricularia oryzae Cavara and showed that
nitric acid-derived nitrogen, glycocoll, L-alaninine, aspar-
tic acid, asparagine, and D-glutamic acid constitute excell-
ent nitrogen sources, while DL-a.-amino butyric acid, crea-
tine, and taurine are not adPquate as nitrogen sources.

Tanaka and Kogetsu (6), on the other hand, studied
the effects of the ammonia family and of nitric acid-derived
nitrogen on nutrition absorption in Piricularia oryzae Cavara
(hereafter called P.o.c.) and demonstrated that the preven-
tion of Ph acidification of the culture medium results in ef-
fective use and assimilation of ammonia
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In addition, there is a study by Leaver (7) that in-
dicates the effective use of organic nitrogen, particularly
amino acid, by P.o.c.

Using the 45 P.o.c. stock-cultures as described in
our report Part 10 (No 1) (8), we have investigated the de-
gree of consumption of various inorganic as well as organic
nitrogens, amino acid in particular, and noted a great a-
mount of stock-culture difference among them. The present
study reports on such stock-culture differences, were based
on the classification table in our report Part 10 (No 2).

Experiment

1) P.o.c. used in the experiment: the 45 stock-cul-
tures which were used in report Part 10 (No 1)

2) Pre-cultivation: as described in the report Part
10 (No 1)

3) Culture medium for the use of nitrogen-source:
The composition of the culture medium is as shown in Table 1.

Table I

Composition of the culture medium for the use
of nitrogen source

1) ~ 20 g
(it ro~en-Soarca 0.41546

KIP, (KNOs t 10K2I1PO4 I.0f gW

KIVPO 1.0Lg
M&SO..71 1h0 O.5g
CaCl. O.1g
FeSO-?aHO 0. 0075 g
M)nSO..7 410 0.002 gCuSOS.$ aG 0.00M•
ZnCh 0.075g
(NH#)sM.OOaO-.4 HaO 0. 009 g

1) ~tZ 6 57
3) 07€ taMg•) _S .. ,jtb& 11 -r (H 7.0)

[Legend:] 1) Glucose; 2) Biotine; 3)
Thiamine; 4) Make it 11 by adding distilled
water; 5) equivalent to.

The solution of the compound without the glucose, nitrogen
source, biotine and vitamine B1 was sterilized for 15 min.
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at 15 pounds pressure, and thbo glucose, the nitrogen source,
biotine and vitamine BI were added. After dissolving the
resulting compound, 2 ml. each was transferred into test
tubes of 17 mm diameter and further sterilized for 10 min.
at 10 lb. before being put to use as the culture medium.

4) Determination of the extent of consumption: Each
stock-culture was cultivated in the culture medium for 14
days at 250, and was washed with water and dried at 1000 ta
a constant quantity (4-6 hr.). The extent of nitrogen con-
sumption was determined from the relative weight of the dried
bacteria. The results are shown in Table 2.

Table 2

Results on the extent of nitrogen source consumption
(weight of bacteria gx200)

'M a 5414 4 No. No. \ Fo1. \, . IN A25 A 36 5309 5311 5327 533"1 2 F 8 k :,Ito,
$1 14 0.05 0.10 0.05 0.05 0.05 0.0: (.05 0. 1I 0.' 0.05 0.05 0.10 0.05 0.20 0.10

* 7x.49 4F Y 2.80 1.85 2.60 2.90 0.10 1.7: ;.3) 2.70 :. 1.80 3.35 3.20 2.96 3.10 3.30
KNO1 1.35 3.25 2.80 2.10 3.60 2. 3. 10 2.5o :' i. 3.50 4.70 3.10 3.30 3.70 2.40

NaNOI 1.15 3.40 3.10 3.50 3.60 3.6' 3.65 2.60 8 2.75 2.60 3.40 3.60 1.90 2.80
N•NOS 1.00 1.25 1.15 2.10 2.80 0.0. U .50 0.20 , 1.80 0.25 2.20 2.0W 2.80 2.30

w I * -" v' 2.80 4.35 2.80 3.20 3.25 3.IS 2.0 .. 15 87. 3.70 2.50 0.80 3.35 2.90 2.55

A "•, 44'f•VIM 3.50 3.15 2.80 3.90 4.90 3.7( *.0 1. .':3 8 3,60 2.40 3.50 3.10 3.20 3.80
1 A, 4 a- v 3.05 3.80 2.60 3.60 3.90 2.71 :1• I. S O :1 3.60 2.40 3.20 3. 0 3.00 2.90
I V V 1.20 1.20 2.00 2.20 2.10 2.s. 1 7o4 1.-,0% 1.50 1.40 1.75 1.90 2.10 1.80
'r " a v 2.10 4.35'2.70 4.00 4.40 4.1 :7) 7 .o1. . . 2.50 3.80 3.50 2.50 4.05 2.10

I *V £ 7,, .' 0.50 0.70 1.050 801.40 1.3' U 2.0 0.2S v 1.20 0.50 1.00 5.10 0.60 0.50
& •" u y 3.20 3.00 3.05 3.85 4.40 3. FA 1-1) 3.51) :.70 3.60 3.40 3.60 3.20

S' x 9 y 0.65 0.10 1.10 1.30 1.50 1.0% : o 0.2, ., 1.20 0.00 0.40 1.30 0.40 0.05
Hlydroxy prolins 0.10 0.10 0.20 0.20 0.30 0.14 0 10 0.10 ,1 0 05 0.00 0.05 0.50 0.10 0.20

vw 4 v %' 2.70 3.10 2.75 1.60 1.80 3.3 -2. 00 1.20 7." 2.30 0.60 2.10 2.30.1.20 2.95
49 , a4 .- ' 2.00 1.70 1.15 2.40 2.60 2.7' :00 1.95 2,, 1.70 1.30 2.80 2.55 2.10 0.50

L 9 4 V 4•vf vw ' 2.30 3.10 3.60 3.10 2.70 3.21 5.•5 1.60 SO 2.60 2.00 2.00 3.00 3.800 ..'. 0 - 2.50 2.10 3.55 3.85 3.70 3.' :". 10 3.10 :i 1, 3.30 2.90 3.30 2.60 3.45 3.60

0 V V , 3.07 3.07 2.35 4.40 4.20 4.0' :3.83 3.20 :3 .. ,' 4.10 2.20 3.65 3.50 3.10 4.10

A • , ' 2.20 2.07 2.80 2.30 2.95 3.31. 0. 0 1.50 :;. 3.80 2.00 2.80 3.20 3.40 2.30
t x•, 0 Y 80 3.00 3.10 2.20 3.60 3.8&. :; F0 3.40 2i 4 3.90 2.30 2.75 3.603. 0 3.10
r p 4 YO 1.40 &.20 3.85 4.40 4.50 4.& 1.00 3.50 :;;•3.40 4.10 4.10 2.70 &.40 -60

p 0 . 12.3 1.06 2.40 2.50 2.20 2.P. :1.I00 0.80 1 2.30 0.25 1.80 2.60 1.40

9 't ý'' V 0.00 1.00 1.80 1.50 3.00 2.74. : 6 0.25 1.80 0.10 0.0 1.00 2.90 1.40

[Table on following page]
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5333 5404 5420 5424 5423 31 .... 53315 ., 517 5518 5519 5530 21 53n
O) -"i0 0.30 0.05 0.30 0.20 0.05 0. 0 o, 0.20 A ).. 0.05 0.20 0.00 0.10 0.10 0.06

r it 9 4t 3.40 3.50 2.50 3.20 3.33 .,5 . 3.s 23 ..0 , 3.50 3.40 2.75 3.30 300
K.OS 1.00 2.05 0.70 2.20 3.03 2. ': 2 '10 3.70 1 6,, 3 20 2.80 2.80 2.50 1.60
N•a4C, 1.40 3.50 0.60 2.30 3.80 2.1, :4.%) :.60 I 94 3.00 .20 3.40 3.00
NaNO% 2.70 1.00 0.30 1.20 0.50 31., :.A 2. 10 1 , 0.-0 2.70 1.10 1.20 0.10

0 11 * - v 3.35 2.10 3.60 1.70 2.95 0 0 1 :, 1. 20 1.20 2.35 1.90 3.00 3.65

r A.- 4F 3.20 3.60 3.20 3.20 3.00 3.-:) "$. .1 , t 3..0 3.00 3.00 3.60 3.70
A. v . 2.60 3.30 3.10 3.90 3.70 3,:0 3: - :5 2. 2.$0 3.20 2.00 3.70 250
" " W • 0.85 2.40 1,25 0.70 1.25 1.) '.T:70 2.20 L 1.410 1.75 0.90 1.70 1.50 1.20

r a V 2.60 2.80 3.60 3.60 3.60 3.-3 .34 .1-10 , . 3.20 2.16 2.30 2.10 2.70 3.45
7 A-7•,,,.7 , 0.70 1,05 2.90 1.50 1.20 0.- 0OW 1.00 ; 0. 0 1.00 0.80 0.70 0.70
V" v 0 3.30 3 40 2.40 3.20 3.40 3.. ) 3 63 L.70 21 2.-•0 3.15 3.10 2.90 2.80
vi x * v 0.80,1.05 0.50 0.70 0.40 0.1 0( ;0 0.60 `- 0.50 1.30 0.30 0.70 0.70
Hlydroy poliae 0.05 0.10 0.30 0.10 0.20 0. .0 o. 10 0.10 o -,, 0.20 0.20 1.10 0.30 0.10
v 4 C, v 1.90 1.10 2.00 1.30 1.20 1."-,) I S0 2. 00 ' -, 1.40 2.20 2.45 1.20 0.60
A.s * -, .45 2.90 1.9, 050 2.50 1.,,) -50 2-80 1 ,2.. 0 07. 1.30 0.65 1.40 2.00

4 s, v .20 1.90 1.703.00 3.00 3. 'a 2.00 2.M 3.70 1.50
S v . 3.40 2 03352.40 &60 3..,0 3.50 3.60 3 ; 4.05 2.350 2.85 3.50 3.70 3.30

r . I t, 3.85 3.00 .70 3.50 2.50 3.0 3.50 3.50 3 CA,1 3.50 3.30 3.25 3.60 :V
-A V 2.40 2.00 0.80 Z.00 2.30202.'!0 1.80 3.50 1 "Al 2.00 3.10 1.30 3&70 1.10

a A f 0 V,, LS0 4.20 1.40 2.50 4.20 3.;;D 1- 0 4.20 2 7u 3.10 3.00 4.30 1.80 1.85
f*, 4 va L80 W0 &25 2.0 &05 3..o) 160 3.75 3"U, 3.10 3.00 2.70 3.00 3.90 3.55SP - 1.80 .30 1.00 1.00 1.0 1..0 2.00 1.20 1 80 1.40 280 1.10 1.90 1.80

0 If)V7w1V 1.40 3.0 0.0 0.U0 0.40 0. 0 0.30 3.70 060 2.40 1.700.80 1.75 0.0

SM SS 5=2 5=2 552 5=2 5&0 -)-,32 -W.3 z,,3.: 553 5336 5537 553 5540
go xt Me 0. W 0.05 0.05 0.05 0.05 0.05 0.,- 0.10 0. 20 0 20 0.20 0.05 0.30 0.05 0.10
SA A'9 41, 3V40 1.70 3.45 380 3.30 3.75 3.0,) :1.10 3.40 :.I. 1, 3.20 3.50303.00 2.20

KNO. 3.50 0.70 3.00 3.40 1.15 2.50 3. ,) 3.00 3.20 3 10 3.60 3.70 3.50 1.85 3.90
N&aNO 3.40 1.35 1.50 3.80 3.00 3.40 3..,) 3.40 3.20 3130 4.00 3.50 3.40 3.20 2.90
NaNO& 1.00 0.03 0.65 0.05 0.75 1.80 2.'0 0.80 0.80 1 60 3.10 2.60 2.20 0.30 1.90
ý W * - v 3.10 3.00 3.20 3.00 3.20 3.00 1.::) 2.23 3.70 :; I) 3.00 3.20 4.50 1.40 0.70
T A'A9 4 Iv 3.50 3.40 3.30 3.40 3.30 4.20 3. o 3..70 3.30 3 5,o 3.75 3.20 3.20 3.10 3.20

Or A 4 , 3.30 3&00 3.50 3&40 3.30 3.80 3.: :1,.40 1.5. :I CG 2.60 3.70 3.50 3.40 2.30
f*, • i V 1.00 0.80 1.80 1.00 1.10 1.70 1. 1.20 1.;.) 1 t6. 1.25 1.00 1.15 1.15 1.65,

&7. 9 , : 3.85 2.90 3.15 3.70 3.45 3.90 4.;. :;.5 2.50 :4.'-., 3.40 3.45 2.20 3.20 2.00
*7g ,A,7',a, 1.00 0.00 0.60 0.80 3.20 0.60 0.1, 1.40 1."0 1.50 1.40 1.20 0.05 0.60

r' V v 2.70 2.35 3.90 3.25 3.50 3.60 3.:', 3.90 2.70 N. :o 3.55 3.15 3.20 2.90 2.80
S A 9 V 1.00 0.00 0.40 0.40 0.40 1.15 0.7 .1 .2 i) 0.,;: 1.20 1.20 1.25 0.30 0.20

Hydrmoy prelins 0.15 0.10 0.10 0.10 0.20 0.20 0.21 0.1') Q.10 0:0) 0.15 0.10 0.10 0.20 0.05
o0 4 if v 1.70 1.20 1.80 1.35 1.60 2.05 2... 1.5;) 1. 10 :.. if 2.10 2.00 3.40 1.80 0.90
2 A V " * v 1.00 1.50 2.20 1.90 1.80 2.40 2.91 1.35) -1.ouu 2. '11 2.00 0.90 3.60 2.40 0.75

4 Y v 4 a, V 3.70 2.20 2.45 3.20 2.90 2.40 3.5) 3.00 2.70 Z,,.c 2.80 3.60 1.50
9.z I V 3.30 3.25 3.60 3.50 3.60 3.15 3.6) 3.20 3.60 3..0io 3.50 2.95 2.50 3.00 2Z50

I v i0, 1 3.40 3.40 3.30 3.50 3.50 4.00 4.,4 3 70 2.90 3. 10 3.70 3.70 3.90 3.40 1.65
I ,t 9 V 2.70 1.35 1.90 1.00 1.40 2.60 2.5' 2.3(S 3.50 2.7% 2.75 3.20, 3.40 1.80 1.60

a Aq 0 . V.. 4.00 1.70 2.90 1.05 1.40 4.30 &37, 3. 15 3.10 3.00 3.50 4.00 2.25 4.00 1.30
sr ^ ,,VIAm 3.50 3&30 3.70 3.80 3.30 3.50 4.0, 3.20 3.50 3,30 3.05 3.50 Z.55 2.70 1.70
0 0 V 1.75 1.80 1. 0 1.10 1.00 1.60 1 0, 1 50 21.0 2 . 1.20 2.20 2.00 1.40 1.90

3 PV 7 3 TT:,, 0.80 1.00 0.40 0.00 0.30 0.60 0.7, 0 60 1.14) 2 )0 2.00 2.30 1.60 0.70 1.00

[Legend on following page] - -. -..
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[Legend:] 1) Stock culture; 2) Nitrogen
source; 3) Control; 4) Asparagine; 5)
Threonine; 6) Aspartic acid; 7) Arginine;
8) Tyrosine; 9) Alanine; 10) Phenyl-ala-
nine; 11) proline; 12) Cystine; 13) Leu-
cine; 14) Methionine; 15) Isoleucine; 16)
Serine; 17) Glycine; 18) Barine; 19) His-
tidine; 20) Glutamic acid; 21) Lysine;
22) Tryptophane; 23) By control is meant
the bacteria weight in the culture medium of
Table 1 from which all the nitrogen sources
are removed.

5) Nitric acid reducibility: The culture medium
was composed of Zapeck solution (glucose 3%) and 0.2% poly-
peptone. 7 and 14 days after the inoculation, ordinary
tests were carried out on the cultivation filtered solution,
the results of which are given in Table 3.

Table 3

Nitric acid reducibility of P.o.c.

4).* t*813 It7 14 Ota 7 14 OUR~j 7 11

5414 +4+ 5333 +- .63 + +
5418 + 5404 + + ..521 + +

3. *± 5420 ++ +25 -
No. I + ± 54241 + + .. i±6 + +
No. 2 4- + 5425 . + -;.27 + •-

No. llFSheto - - 5415 + _I s.-8 + •-
No. l hetero + - 5514 + + ±--
N&. 1 hetero Z 5515 + -- L,2 -

•P + 44 5516 + - -,- -r
A 25 + + 5517 *- - '3
A 36 :L" ± 5518 + +- 5 .';
530- +- 5519 1e - 5-.:A
5311 + ± 5520 + + 53. " +
5327 + :L 5521 + 4+ 5.1 -
5330 + + 5522 + + 5. ;U

(Legend:] 1) The number of days of cultiva-
tion; 2) days after (e.g. 7 days after inoc-
ulation, etc.); 3) Stock-culture; 4) Com-
ments; ++ -- Presence of strong nitric acid
reducibility; + -- Presence of nitric acid
reducibility; + -- Doubtful presence of acid
reducibility; -- Absence of nitric acid re-
ducibility.
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""xcellent nitrogen sources $or the growth. ot P.o.0
iS general are asparagine, aIaWroc acid, a•gi".4 al*UineA

. In, slrine, glyclne, Ustidtne, glutaiw ied and NaN ,
"Calm such substances as barine, throomino, two-3laucinLo aMd
1% mettituto a fair sourse oe Uitrogen. N the oter -

.--In the following substances do not provide a ood S o" oo-

"andtros; 3 .iproline, Iystioe, phnyla•laisO, trypto-

purth' mze, some s84i cUIltures p"ro tetA well of
* ,IiIl-al55ite, eystine, tryptaphsse• and 3Wim , while other

sit.a-cultures so -ot propagate at all.

Waving be.. co.'eotsd f*ItQ3..y P.o..,-b * .ould
be Wed as nitrogen source. 1pf.4ho -" as"e the &*"in&za-
tUrn of niz'4ai educibility weas Our led vabt I days or

d as After the Inoculation. -Cofideri•g both the mi•vic
eat, -Vduclibllt* -and the ext dit 0-9 consumpt ion with NaX%
as Itrogeafturce (Table 3), w' cnclude that the follow-

In feIw stock-ulture do not show Afy.14Ign of nitric acid
sbille-- ty:s 3 x11 Pg betero, * I)* beter., Ml and $539.

me the stock-cUltomei taat whew aitric acid reduel-

"b iliy, one ,na dix•inguish tbos that •tII&AIIOM irM
Me rout that do not utilive it.

goe %elfe, that nitric acid reducibility and the as*
o• NANO2 will provide important clues I. classifyAp the
P.O.t.. lherflor, vo have rewjled Table 3 of ou•ur,~ t

Pert %o (3) in terin of nitric sacid reducibility and fte
Us. of N•2OI and tlyptopbsne. The "Vwision is shown in

• .,, ai 4.

The present cla.oIficaton is mob simpler tWa that
ia! revort Part 10 (No 3). 'Otrst17, umob is simpjlfiedl

*~ n te sttAW of poorly propagating organic malts. Secondl*
V!the inalin-, sorbesee. and g3lycerol(+)_baeed tuapology was

i"•"pafuirly hther subdivided in terms of the W=-ittrate,
anmitie and Na-euoI nlte, whereas in o•e ime I hme the

new of IsNO. sad, further, the use of tkyt•ptlhane provido
Oh lassIfloatory criteria.

S Typ 1• in our ipmt 9W 10 (10 _) iul.oed both
"typ K sad type SI of Agr. Sm. Ctr. to contrast to this,

~wrtype 2 of the psetcaification Includes type
. .. 1, mI M, D it is•nmclu is tlM 7.

-6- a
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Table 4

Classification of Piricularia ory.a. Cavara

IUW)

1k 1,al, 5 5---
A 7A1) DUS" D 25 "MCIl)

ift. Ca , S30( • M( 1)"

Ar -M *MM511 2 A

AAX
I "LTO "I S0 , C .) -

,6 5•D I No.•. IM

[leend:] 1) Negative nitric-acid reduci-
bility; 2) Positive nitric-acid reducibil-

ity; 3) Those not using N&N02 as nitrogen
source; 4) Inulin; 5) Sorboss; 6) type;
7) Those using N&NO• as nitrogen source;
8) Those using tryp~ophane as nitrogen sour-
ce; 9) Those not using tryptophane an ni-
trogen; 10) Remarks -- (1) The number in-side ( ) is the classification type of the

Agricultural Res. Ctr. The ones with asterikare the results obtained (i.e., 1955.); (2)
5318 to doubtful.

Leilarly, A 1, A 11, C 1 and C 11 of Aire. Res. Ctu.
vere bl found in type 6 of our previous scheme, dhireas
only A s and A 11 are Included, as shown, in type 9 and 10.

Thus, 9e note t etiologically based classifi-
cation of 10r. Res. C) r. in somewhat similar to our bionhe--
icslly ba sed classification, suggsting the pofsiblity that

"7"
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etiological and biochemical characteristics are rather alike
to a large extent.

We do not believe that a calssification scheme based
on nitrogen- and carbon- sources exhausts the possibilities
for classification. We feel that with increased information
on the biochemical properties a better classification system
would become feasible.

Summary

-Experimenting with the 45 stock-cultures of P.o.c.
on the extent of their consumption of various nitrogen
sources, amino acid in particular, we-have.•--bt*Ld the fol-
lowing results;

1. The following substances are excellent nitrogen-
sources -- asparagine, aspartic acid, arginine, alanine,
proline, serine, glycine, histidine, glutamic acid and NaN0 3 ,
while such substances as oxiproline, cystine, phenylalanine,
tryptophane and NaN0 2 provide a poor source.

2. The four stock-cultures No 11 F8 hetero, No 188
hetero, A 36 and 5539 do not show nitric acid reducibility,
while the remaining 41 stocks show the sign of nitric acid
reducibility.

3. The 45 stock-cultures of P.o.c. were classified
into 10 families In terms of nitric acid reducibility and
the use of NaN0 2 and tryptophane in its p opagation. /
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